Abstract. This paper describes a systematic procedure to build reduced order analytical models for a design of decentralized controllers for large scale interconnected dynamical systems. The design method employs Davison techniques to affect decoupling of the interconnections into its subsystems components which is done by using the most dominant eigenvalues and the most influent inputs in each subsystem. In this way, advantage can be taken of the special structural feature of a given system to devise feasible and efficient decentralized strategies for solving large control problem which are impractical to solve by one shot centralized methods.
As many technological environmental or social systems have a high complexity, large scale systems became the subject of intensive research in systems and control theory. The complexity of the system leads to severe difficulties that are encountered in the tasks of analyzing the system and designing and implementing appropriate control strategies algorithms. These difficulties arise mainly from dimensionality, uncertainty and information structure constraints. For these reasons the analysis and synthesis tasks cannot be solved economically in a single step as it is possible for similar analysis and design tasks for small system. Therefore, it is common procedure in engineering practice to work with mathematical models that are simpler, but less accurate, then the best available model of a given physical process, since the amount of computation required to analyze and control large scale system grows faster than its size. It has been long recognized that it is beneficial to decompose a large scale system into subsystems, and design control for each subsystem independently on the basis of the local subsystems dynamics and the nature of their interconnections. These are two quite distinct motivations for this practice: The first is to reduce the computational burden associated with simulation, analysis and control system design.
The second is based on the realization that a simplified model will lead to simplified control system design.
Problem formulation
Assume the large scale system is given by the following differential equation
) where x is an-vector of states and u is an-vector of inputs and both A and B are constant matrices of appropriate dimension, and let us assume that the system matrix A has distinct eigenvalues. Let the system described by equation (2.1) be composed of N subsystems with the i th subsystem having x i and u i as its state and control vectors, respectively. Let the dimension of x i and u i be n i and m i respectively so that: The global system of (2.1) is assumed to be completely controllable and global feedback control law of the form )
2) has been found using conventional state feedback control methods so that the eigenvalues of the closed loop system lie in the pre-assigned location in the splane, where F is an mxn constant matrix, is to be computed and v is an m-dimensional vector.
The substitution of (2.2) into the system of (2.1)
where
The decentralized control problem can now be stated as that of finding a set of decentralized controllers of the form
In this paper a method is presented for the design of such controller to the turbine. The design methods employs appropriate modal and singular perturbation techniques to affect complete decoupling of the large scale system into its subsystem components. Once the decoupling process is complete, the decentralized controller design problem becomes that of finding local controllers for each of the decoupled subsystems in isolation of the rest.
Eigenvalue contribution measure
For the i th subsystem, the n i eigenvalues that contribute most to the controllability of the states of this subsystem are chosen. Let the similarity 
where m ij is the element standing on the i th row and j th column of the transformation matrix M, and Z j is the j th element of the vector Z. The total contribution of the j th eigenvalue, j λ in σ states,
where k+1 is the index to the σ states.
Decoupling of the global system
The decoupling procedure is based on the outcome of the previous section and on the principals of singular perturbation techniques. Let the large scale system (2.1) be written as
is (r x 1) aggregated state vector of subsystem i and ) (t z r is (n -r)th order residual state. System equations (4.1) can be transformed to its modal form,
where w is the vector of retained dominant states variables,
and M is a modal matrix. The columns of this matrix are its eigenvectors, and are ordered in accordance with the total contribution of each eigenvalue in all of the states of the ith subsystem 
J represents nondominant modes, Eq. (4.5) can be approximated by
The partitioned forms of z r and v lead to
assuming that M 1 is nonsingular, then by using these two last equations we get 
in this method, the effects of the nondominant modes have been neglected to result in the decoupled model
Decentralized controller design
In this section we develop the design of decentralized controller utilizing the approach outlined in the previous section. After identifying the n i eigenvalues which make the largest contribution to the dynamics of the i th subsystem, we use the procedure outlined in § 4 to obtain an approximate model of the i th subsystem given by:
we set j j u β = and u k = 0, k = 1, 2…m; j k ≠ to calculate the controllability measure of each of the n i eigenvalues of the i th subsystem from the j th input. We retain those columns of H i that correspond to the input u j that has the largest controllability measure, which gives the following approximate models of the i th subsystem: 
Example
In this example a four interconnected power system (TAIPS) will be considered for the application of the proposed decentralized control approach.
The following state vectors are defined with respect to [10] as: λ It is clear from these results that, the relative contribution measures are satisfactorily high.
System decoupling
Application of the decoupling procedure may now be carried out, incorporating the results of the previous section. As a result each subsystem is represented by an approximate model having the same states as the original subsystem, but with the input to the global system. To determine the relative importance of each input to each subsystem, the controllability measure of the state of each subsystem from each input must be evaluated. 
Design of optimal controller
The optimal control problem may be stated as that of finding the control input u(t) which, subject to the constraints given by the system dynamical equations, minimizes the following cost function:
where Q and R are the state and control weighting matrices, respectively. The solution to this is given by u(t) = F x(t) where F is the state feedback optimal control matrix. 
Simulation results
Extensive simulation studies on the four subsystem interconnection have been carried out under both the decentralized and global optimal controllers. To test the effectiveness of the decentralized controller, the closed loop system performance was tested when multiple changes in the reference settings at different time intervals were introduced. Figures 1-4 show the two set of responses overlaid on each other.
Conclusion.
An interconnected dynamical system comprising four subsystems has been considered as a study case. Based on the example studied the proposed design method appears to be quite attractive. A satisfactory global optimal controller was designed for the system. It was shown that the performance of the decentralized controller designed by using the method presented is satisfactorily close to that of the global optimal one. 
